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We investigated the antioxidative effect ofL-ascorbic 
acid on lipid peroxidation and on secretion and 
mRNA expression of IL-1a and IL-6 after UV A irra-
diation (20 J/cm2 ) in cultured human keratinocytes. 
Lipid peroxidation was measured by (i) high perfor-
mance liquid chromatography with UV detection of 
malondialdehyde (MDA) at 256 nm and (ii) spectro-
metric measurement of thiobarbituric acid-reactive 
substances (TBARS). To evaluate UV-induced cyto-
toxicity, we assessed cell membrane damage by mea-
suring lactate dehydrogenase (LDH) release. UV A-
induced lipid peroxidation in cultured human 
keratinocytes was inhibited by ascorbic acid in a 
concentration-dependent manner: MDA protein 
equivalent was reduced by 47% (10- 6), compared to 
keratinocytes not exposed to L-ascorbic acid (p < 
C utaneous damage induced by ultravio let (UV) irra-diation, especially UVB irradiation , may lead to photoagin g and photocarcinogenesis (Black, 1987; Danno and Horio, 1987; Darr et ai, 1994) . Recent studies of the molecular mechanisms of the patho-
logic effects of UV A irradiation indicate that UV A irradiation 
attacks oxidative pathways involved in the formation of reactive 
oxygen species and may be involve d in inducing cytokine release of 
keratinocytes (Punnonen ct ai, 1991; Krutmann et aI, 1995). 
Free radicals are constantly generated in epidermal keratinocytes 
and are rapidly re m oved by nonenzymic and e nzymic antioxidant 
substances that prevent harmful effects of free radica ls and maintain 
a prooxidant/antioxidant balance, resulting in cell or tissue stabili-
zation (Fuchs et ai, 1989; Bissett el ai, 1990; Yohn cl aI, 1991). A 
surplus of free radicals induced by UV irradiation disturbs the 
integri ty of cell m embranes and req uires complementary antioxi-
dant activity ill "ilm and ill "i,Jo (B lack, 1987; Darr et aI, 1994) . UV A 
irradiation generates reactive oxygen species that like UVB irradi-
ation , can lead to inflammation, photoaging, and photocarcinogen-
es is (Punnonen et aI, 1991, Qujec c/ ai, 1995). UVB irradiation of 
human keratinocytes ill "itl'o can increase interle ukinl a (IL-1 a ) and 
inte rleukin 6 (IL-6) in cells (Ansel et aI, 1983; Kupper cl aI, 1986 ; 
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0.05), and the TBARS showed a concentration-de~ 
pendent decrease of 49% (10 - 6 M) in L-ascorbic acid-
supplemented cultures compared to controls (p < 
0.05). LDH release was decreased by 45% in L-ascor-
bic acid-supplemented keratinocyte cultures, indi-
cating protection against cell death (p < 0.05). L-
Ascorbic acid was able to downregulate IL-1a mRNA 
expression in both UV A-irradiated and nonirradiated 
cells; however, IL-6 mRNA expression remained un-
affected. The secretion of these cytokines was re-
duced nearly to normal in the presence of L-ascorbic 
acid. These findings indicate a major cell-protective 
effect of L-ascorbic acid on UV A-induced lipid per-
oxidation and the secretion of pro-inflammatory cy-
tokines by UV A-irradiated human keratinocytes. 
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Krutmann e/ aI, 1995) , but the effect of UV A li ght upon these 
pro-infl ammatory cytokines is still under debate. 
We investigated the antioxidative effect of L-ascorbic acid Oll 
cultured human keratinocytes and its influence on cytoki.l1e re lease 
indu ced by UV A. To evaluate UVA-induced direct and indirect 
cytotoxicity, we m easured the ex tra cellular leakage of lactate 
dehydrogenase (LDH) and the amount ofTL-a and IL-6 released in 
the presen ce ofL-ascorbic acid. Our results indicate that L-ascorbic 
acid may play a significant role in preventing UV A-induced cell 
damage . 
MATERIALS AND METHODS 
Keratinocyte Cultures Neonatal foreskin was prepared and incubated 
overnight in 0.25°;', trypsin (BiochroI11. Berlin, Germany) in phosphate-
buffered sa line (PBS) at 4°C. The epidermis was separated lTom the dermis. 
and the keratinocytes were mechanica lly released by gen tle scraping and 
washed twice w ith Dil lbecco·s modified Eagle's medium containing l O% 
fetal bovine serum (Biochrom, Berlin. Germany). The kerarinoc)'tes were 
suspended in se rum-lice keratinocyte medium (GTl3CO BTU, Berlin. 
Germany) supplcmented with:; ng of epidermal growth factor per 1111 and 
50 {-Lg of bo vine pituitary extract per ml and were seeded in SO-mm plastic 
cell culture dishes (Falcon 3003, Becton Dickinson, Plymouth, U .K.) at 106 
ce ll s per plate and incubated at 37°C in 100% humidity in an atmosphere of 
95'% air and 5'X, CO2 , The medium was supplemented with L-ascorbic acid 
stock so lution 10 -" M at pH 7.3 (L-ascorbic acid, Sigma, Heide lberg. 
Germany) in final concentrations ofl0- 12 , ·IO - 'I).IO- ~ , Or 10- (' M for 7 d, 
when the ce ll s became near conAuent. Medium was changed every 2 d, and 
stock so lution was freshly prepared every time. 
Growth ExperiJnents Proliferation assays were performed in 96-wclJ 
Aat-bottomed microplatcs (Becton Dickinson, Heidelberg, German y) by 
incubating 5 X 10" ce lls/wcll in 0.2 1111 ofKSF medium supplemented with 
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L-ascorbic acid in concemratiollS of 10 - 10• 10- t", 10 H. or 10 t' M for 5 d . 
A fter 24 h, 72 h, or 120 h, cell proliferation was measured by tnicrotetra-
zo liu111 assa y (MoslI\ann, '1983), I3ricl"l y, 10 fLl of 5 111 g of microtetrazo li1.1m 
per ml (Sigma, Heidelberg. Germ:!IlY) were added to each well. alld the 
p lates were ill t:ubatcd at 3 7 °C For 4 h . O uc hundred Ini cro litcrs o f IOtX. 
dimetll)' lformamide-sodi ull1 dodecyl sul fate were added to each well to 
dissolve the crystal s. Absorptio n was dctcflnincd by c llzyn1C-linkcd inunu-
nosorbent assay (Dyna tech MRSOOO, Denkendorr. Germany) with a 
550-nll1 wavelength test filter alld a 630-11\11 wave length refe rence filter. 
an d the results arc given as optical dcnsil"),. 
UV A Irradiation The irradiation was performed fro m the bottom of the 
cell culture dishes. PI-iar to UV irradia tio n. ce ll s were washed twice with 2 
ml of PBS and left in I ml of PBS. In parallel, no nirradiated cell s were 
treated similarly and were kept in the dark in the same en vironmem . For 
UVA irradia tion, we used a lamp with a rallge of320-400 11m (Waldmann, 
Vi llingen , Germany). The output measll\'ed by a radiometer through di,rect 
contact to the cel l culture dish was 7 1l1W/C1l12. KeratinoC)' tes were 
irradiated with a dose of 20 J /cmo. After UV irradiation the ce lls wen! 
harvested as described below. 
Lipid Peroxidation Measured by High Performance Liquid Chro-
matography (HPLC) and Spectrophotometric Analysis 
Preparnlicl/I 4 t"e Sa lllpies Immediatel y after UV A irradiation, PBS was 
re moved from each cell culture dish, sao fLl of di sti ll ed water was Hdded, 
keratinocytes were gentl y scraped frol1l the cell culture dishes, and each cell 
suspension was collected. Then SO fLl of butyl hydroxy toluo l (2':;'" wt/ wt, in 
e thanol) were added. and 400 I.d of each ce ll suspellSion w ere diluted w ith 
400 fL,l of 1% sodium dodecyl sulf.,te (wt/ wt). Nonirradiated cell cu.ltures 
were prepared in the same way. All samples were stored at - 20 DC in the 
dark . 
HPLC A llal)'sis ,~r Malolldialdeit),de (MDA) MDA was measured as de-
scribed elsewhere (\Xlong. 1987; Morlie re et ai, 1991; Schmi tz et ai, 1995). 
BrieAy, the frozen samples were incubated Ht 80DC for 'IS min after adding 
1 ml of 0.375'% thiobarbituric acid solution in 0.25 M H C I containing 15% 
(wt/wt.) trichloroacetic acid (finHI thiobarbituric acid concentration 0.25%). 
A 500-fLl volume o f each sample was pipetted into a polypropylene 
microtube that contained 500 fLl of methano l/ l M NaOH (ratio 1:9) 
so lutio n, mixed, centrifuged at 10.000 rpm for 10 mill. and then placed o n 
ice. Various known 1,1 ',3,3'-tetraethoxypropane concentrations were used 
as standards. For HPLC ana lysis, 20 fLl of the mixtures were inj ected , and 
the separation was monitored with a UV detector at 256 nm for 2.5 min. 
T he Aow rHte was 1 ml/min with the eluent SO mM potassium phosphate 
b uffer (pH 6.8) containing 48% methano l. HPlC was run with a 2249 pump 
(LKB, Bromma, Sweden), a fL-Bondapak C t" co lul1111 (3.9 X 300 111m; no. 
27324; Waters, Mi lford, MA), and 215 J variable wavelength 111 0nitor 
(LKI3). Data were expressed in terms of MDA equi va lents co rrelated to the 
ceU pro tein content calculated with a cOl11lllercially available protein assHY 
(Bio-Rad , Munich , Ge rman y). Data shown arc the mean ± SD of tril'l kate 
eXpCriJll cnts expressed as nanol110les per J,Lg of protein. 
Spectl'OpllOtolllclrir A IIIII)'sis "I Thiobllrbitllric Acid-React;"e S lIbstallres (TBA RS) 
TBARS were assayed as described elsewhere (Moliere et ai, 199 1). BrieAy, 
1 ml of 0.375% (wt/wt) thiobarbituric acid so lution in 0.25 M H C I 
containing 15% (wt/ wt) trichloroacetic acid was added to 500 fLl of the 
thawed samples. The samples were then placed in a water bath at 80 D C for 
15 min, put on ice, and extracted with 1-butanol. T he organic phase was 
co ll ec ted for spectrophotometric ana lysis at 535 nl11 . For ca libration, 
1 ,1 ' ,3,3' -tetraethoxypropane standard solutions also underwent the same 
procedure. To exclude a no nspecifi c effect of l-ascorbic acid, the experi-
ment was additi o nall y performed in vitamin I3 t-supplemented keratinocyte 
c ultures. Data were expressed in terms ofTI3A RS equi va le nts nonn,t1i zed to 
the ce ll prote in contem (Bio-Rad, Munich, Ge rmany). Each value shown 
represe nts the mean :!: SD of three independent experiments and is 
expressed in nanol11oles per fLg. 
Glutathione (GSH) Assay Immediately after UV irradiation, ce ll s 11-0111 
each petri dish (approximate l)' 2 X 10" ce lls) were washed with PBS and 
scraped in 550 fLl of 200 mM potassium phosphate (pH 7.8) containing 0.2 
mM diethylenetriaminepcntaacetic acid and 0.025'% LUI3ROL phosphate 
buffer (Calbiochem, Bad Soden, Germany) supplemented with 5% ll1eta-
phosphori c acid (Sigma. Heidelberg, Germany) in potassium phosphate 
buffer (PH 7.8). A 500-fLl volume of each ce ll suspensio n was collected, 
homogen ized , and centrifuged for '1 0 min at 14 ,000 rpm at 4 DC. and 300 fLl 
of each supernata llt were collected for GSH assay. I3rieAy. the sa mples w ere 
b rought with potassium phosphate buffer (1'1-1 7.8) to a final volume of 900 
J1.l , and 50 fLl of a solution containing '12 mM chromogenic reagent in 0.2 
M HCI were added and thorough ly mixed. Fifty microliters of30% NaO H 
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were added. and the final reaction products were m easured at 400 nm after 
15 l1lin at r00l11 tenlpe ra turc. A cu vette thar- contained only po WSSiUOl 
phosphate bulle r was used for cali bration. The absorbance was 'Idjusted to 
zero at 400 nl'll . GSH standard curves were measllJ'ed for known amounts of 
red uced GS H . and oxidized GSH content in the salllpics \vas correla tcd 
with cell protein coment calculated with a commercially available pro tein 
assay (Bio-Kad. Munich. German y) . The data sho wn arc the mean :!: SD of 
triplicate experiments and expressed as nan o l1l o les per fLg. 
LDH Release Assay The LDH content of the supernatants and the cell 
suspensions was spectrophotometrically measured by the di sappearance of 
NADH during the LDH-ca talyzed conversion of pyruvate to lactate . The 
assay was performed 2 h after UVA irradiation as described elsewhe re 
(Morliere ct ai, 1991). BrieA )" 500 fLl of Triton Xl00 (Merck, Darmstadt. 
Ge rmany; 1 %, wt/wt) w ere added to 500 fLl of cell suspension , and 900 Jll 
of each sample were added to a mixture of 2.05 ml of 0 .3 mM sodium 
pyru vate in SO mM phosphate bufFer (PH 7 .5) and 50 fLl of 8 mM NADH 
in 50 mM phosphate bufFer (PH 7.5). The optica l density va lues were 
measured by a spectrophotometer (l3eckman , MUllich, Germany) calibrated 
with distilled water at 366 nl1l. lDH release was expressed as the quoti ent 
of LDH in the supernatant divided by total LDH (LDH in supernatant + 
LDH in cell suspension). Data shown are the mean :!: SD of triplicate 
experiments. To exclude a nonspecific effect of L-ascorbic acid. the 
experiment was additiona ll y performed in vitamin I3 t- suppleme nted kera-
tinocytc cultures. 
Cytokine Assays Two days after UV irradiation, the cu ltL1re supernatants 
were collected, centrifuged at '1200 X g for 10 min , and stored at -20°C 
until used. I l-1 ex and IL-6 concentrations were determined with commer-
cially available enzyme-linked iml1lunosorbent. assay kits (Quantikine, 
R&D Systems, Minneapolis. MN) . BrieAy, 200 fLl of undiluted (for IL-l cr) 
o r 1: 1 diluted (for IL-6) samples were added to microwells coated with 
ap propri'lte specifi c murine m onoclonal antibodies and incubated at room 
temperature for 2 h . After aspirating each well and washing four times, we 
added 200 JlI o f the secondary polyclonal antibodies conjuga ted to horse-
radish peroxidase and incubated the samples at room temperature for 2 h. 
The micro w ells were aspirated again and washed four tim es, and 200 fLl of 
the mixed substrate solu tion wcre added to each well. The reactio n was 
stopped w ith 50 fLl of stop so lu tion after a 20-min incubation at room 
tCl11pcratuTc. Protein concentration ,vas 111easurcd at 450 nl11 \vithin 30 nlin 
with a spectrophotometer (SLT Spectra , Munich, Germany) and expressed 
as picograms per ml. 
RNA Extraction and Northern Blot Analysis Keratinocytes were 
cultured under the same conditions as described above. Total RNA was 
extracted with a I't.NA isolation kit (Stratagene, La Joll a, CAl based on the 
gUaIlidinium thiocyanate-phenol- chloroform teclmique (Chol1lczynski et 
III, 1987) and quantified by spectrophotometry (Beckman , Munich, Germa-
ny) . For northern blot analyses , l't.N A (12 fLg) was separated by agarosc-
formaldehyde gel electrophoresis in 1.2% gels and then transferred to 
GeneScreenl'llIs nylon membranes (DuPont, Boston, MA). Pre-hybridiza-
tion was performed for 2 h in 10% dextran sulf.1te, 1 M sodium chloride, and 
1 % sodium dodecyl sulf.,te, and hybridization was in t.he same solmion 
overnight. T he ml't.NA express ion of IL-l cr and Il-6 was analyzed by using 
cDNA fi'agments for human Il-l cr (nucleotides 34 to 661) and human Il-6 
(nucleotides 259 to 749) (Clontech , Heidelberg. Germany). For control 
hyb ridi zation. a J3-actin probe was used that originated fi'orll a cDNA clone 
in p.BIuescript (Stt.tagene, La J olla , CAl isolated by differential screening of 
a melanoma cell cDNA library (Eberle et ai, 1995). The cloned fragm ent is 
550 bp lo ng and matches the cDNA sequence o f J3- actin between positions 
1200 and 1760. The plasmid was isolated by Qiagen columns (Hilden. 
Germany), and the cDNA insertio n was excised by restriction endonuclease 
digestion . separated by agarose gel electro pho resis, and recovered b y a 
silica-based elution kit (Gencclean, Bio 101. La Jolla . CAl . Probes were 
U P-labeled by random priming using a DNA labeling kit (Pharmacia 
Biotech, Freiburg, German y). N o rthern blots were washed several rimes 
w ith 2 Xstandard sa line citr<lte at room temperature for 30 min, 2 X standard 
saline citrate/l % sodium dodecyl slll f.,te at 60 DC for 30 min , 0.1 X standard 
sa line citrate at room temperature for 30 min . Autor:ldiography was can-ied 
om at - 70 DC by using Kodak X-Omat AR (Rochester, NY). 
Statistical Analysis The data from l-ascorbic acid-supplemented ce ll 
cllitures were compared with no nsllpplemented clllwres before and after 
UV A irradiation and analyzed by Student's t test. 
RESULTS 
Cell Proliferation Is Not Affected by L-Ascorbic Acid Cell 
proliferation cxpel;ments wcre done to exclude a toxic effect of 
L-ascorbic acid on keratinocytes. The prolifc ration was m easu re d 
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Figure 1. L-Ascorbic acid inhibits formation of MDA and TBARS 
in UVA-irradiated keratinocytes. (a) MOA formation was mcasured by 
HPLC in UVA (20 J /cn,z)-irradiated (*) or nonirradiated (+ ) keratinocytes 
supplemented with L-ascorbic ac id. MDA was signifi cantl y decreased by 
L-ascorbic acid in all conccntrations (p < 0.05). Errol' bill'S, SO (n = 3). (b) 
Inhibitio n of TEA R S formation . TBARS formation in kcratinocyte ce ll 
suspension was measured b), spectrophotomctric analysis in keratinocytc 
ce ll suspension. UVA irradiation (20 J/cm 2 ) induced TBAKS formation (*), 
w hich was inhibited by L-ascorbic acid supplcmentation of thc culturc 
medium in a concentratio n-dependen t manner (p < 0.05) . TBAKS was 
detectable in nonirradiated ceLI s; however, its conccntration could not be 
challgcd by L-ascorbic acid . E"."I' bars, SO (n = 3). 
by microtetrazolium. T he effect of L- ascorbic acid on cultured 
hum an keratinocytes supplemented with L-ascorbic acid at 10- 12 , 
10- 10 , 10 - 8 , or 10 - 6 M resulted in a slight decrease in keratinocytc 
proliferation at aJJ concentrations compared to untreated controls 
without significant differences (data not shown) . The effect was 
observed 24 h , 72 h , and 120 h after plating of the cells. 
Antioxidative Effect ofL-Ascorbic Acid ou Lipid Peroxida-
tion and GSH Concentration T he 3ntioxidative ca pacity of 
L-ascorbi c acid in keratinocytes was measured by its inhibitot), 
effect on UVA-illduced lipid permddation by usin g two m e thods 
(HPLC analysis of MDA and spectrophotometric ana lysis of 
TBARS ) and protection of endogenous GSH from oxidation (GSH 
assay) . 
HPLC A lwlysis of MDA Measurement of MDA in keratinocyte 
cell suspensions aftcr UV A irradiation revea led an increase from 
38.46 mno l/J,Lg ofprotcin to 231.02 ± 0.52 nmol/J,Lg of protein. In 
the L-ascorbic acid-treated culture expe,-imcntal series, MDA was 
rcdu ced a m aximum of 47')1" to 122.92 ± 5.1 nmol/ J,Lg at 10 - 6 M 
L-ascorbic acid (Fig 1a). The antioxidative effect ofL-ascorbic acid 
was statisticaJ ly significant in all con centrations (p < 0.05). 
Spectl'OjJh%llletric A Hnlysis of TBARS Spectrophotometric analysis 
ofTBARS demonstrated an increased content after irradiation with 
UV A. TBARS were mcasured at a concentration of 6.07 ± 0.64 
nmol/ J,Lg protein before UVA irradiation and 40.76 ± 11.1 
nmol/ J,Lg after UV A irradiation, indicating lipid peroxidation. 
Supplementation of the ke ,·atin ocyte mcdium with L-ascorbic acid 
reveal ed a decrease of TBARS in a conccntration-dependent 
manncr fi·om 30.88 ± 2.63 nmol/J,Lg at 10- ' 2 M to 20.80 ± 7.5 
nmoll J,Lg at 10 - 6 M (p < 0.05) (mean ± SD), whereas the 
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Figure 2. L-Ascorbic acid induced increase of GSH concentration 
in human keratinocytes. GSH concentration was m easured by spectro-
photometric analysis in VV A-irradiated (20 .Jicm 2)(*) and Il onirradia ted 
(+ ) keratinocytcs. Under both conditions GSH was signifi cantly increased 
by L-ascorbic acid (p < 0.05). EI'ml' unl's, SO (n = 3). 
concentrati on of TBARS in nonirradiated cell cultures remained 
unchanged (Fig 1"). Parallel expel-iments performed with vitamin 
B ,-supplemented keratinocyte cultures dcmonstrated no effect on 
TBAl:t.S formation (data not shown), indicating that the efl:ect of 
L-ascorbic acid was specific. 
GSH Assn), L-Ascorbic acid can protect endogenous GSH ITom 
oxidation Oialal and Grundy, 1991; Meiste r, 1994). This effect 
significantly increased not on ly in UV A-irradiated but also in 
nonirradiated keratinocytes in a conccntration-dependent manner 
(Fig 2). Under the influencc of L-ascorbic acid, GSH in creased 
from 96 ± 21 nmol/ J,Lg of protein to 135 ± 7 nmol/ J,Lg of protein 
(p < 0.05). UVA irradiatio n reduced GSH content to 54 ± 14 
nmol/ f,Lg of protein, but this efl:cct was inhibited by L-ascorbic acid 
to 99 ± 3 nmol/ J,Lg of protein (p < 0.05). 
L -Ascorbic Acid Protects Against UV A-Induced Cell Mem-
brane Damage UV A irradiation raised the percentages in the 
LDB release assay from 29.98')1" to 49.12% compared to nonina-
diated keratinocyte cultures. This effect was inhibited by L-ascorbic 
acid in a concentration-dcpendent manner (Fig 3). A maximum 
decrease in the LDH quotient of 27.38 ± 4 .7% occurred with 
L-ascorbi.c acid at 10 - (' M (p < 0.05). Although L-ascorbic acid 
decreased the LDH quotient in nonirradiated keratinocyte cultures 
slightly, this effect was not statistically significant. To exclude a 
nonspccifi c effect of L-ascorbic acid on LDH release, the same 
expcriments were performed with keratinocyte cultures supple-
mented with vitamin B" which has no antioxidative properties . 
The UV A-induccd increase in LDH releasc was not reduced b y 
vitamin B, (data not shown). 
IL-10" mRNA Expression, but Not IL- 6 mRNA Expression, 
Was Reduced by L-Ascorbic Acid lL-la and IL-6 mRNA 
expression was observed in nOI1- and L-ascorbic acid-supplemented 
cultures after UVA irradiation (5 h , 24 h, and 48 h after irrad iation) 
and nonirradiated cells. lL-l a mRNA expression was downregu-
lated by L-ascorbic acid in nonirradiated keratinocytes and after a 
UV A-induced increase within 48 h. lL-6 mRNA expression, 
however, was comparable in nonin:adiated and UV A-irradiated 
cclls and was unchanged by L-ascorbic acid (Fig 4) . 
L-Ascorbic Acid Inhibits Secretiou of IL-10' aud IL-6 Se-
cretion of IL-l a and lL- 6 by UVA-irradiated keratinocytes was 
markedly increased compared to nonirl'adiated keratillocytes. In 
cell cultures without added L-ascorbic acid, lL-la levels increased 
£i'om 42.69 to 90.40 pg/ml and IL-6 levels in creased from 6.62 to 
22.37 pg/ml. In UVA-irradiated keratinocytes, IL-l a and IL-6 
VOL. 108, NO. 3 MARCH 1997 
50 
50 
~ 40 
Q) 
UJ 
co 30 Q) E"! 
:r: 
0 20 
.....I 
10 
0 
o 10-12 10-8 10-6 
[M] 
L-ascorbic acid 
Figure 3. UV A-induced LDH release of keratinocytes by L-ascor-
bic acid. Maximu111 clrect was observed with 10- (' M L-ascorbic acid (p < 
0.05). Results are expressed as quotient of the LDH va lues in superna tant/ 
(supernatant + celI suspension). Error bnrs, SD (n = 3). Data were obtained 
in nonirradiated (11iil) 'lIld UVA-irrad iated (~) ce lI s. Basel ine va lues in 
nonirradiated ce lls were ill supern atant 0.0127 :!: 0.0006 and in ce ll 
suspension 0.0296 :t 0.002 (mean :!: SD). 
were signifi cantly reduced in presence of L- ascorbic acid at a ll 
concentratio n s (p < 0.05). In n o nirradiated kera tin ocytes, L-
ascorbic acid h ad n o effect o n cytokine release (Fig Sa,I,) . 
DISCUSSION 
T he antioJl.'idative effect of L-ascorbic acid o n irradiated ke ratino-
cytes has b een reported for porcine skin ill IJil!o (Darr cf ai , 1992). 
Therefore, w e tested the hypothes is that L-ascorbi c acid inhibits 
UV A-induced lipid peroxidation and regul ates cytokine release in 
culture d human ke ratin ocytes. We demonstrated an an tioAid ative 
effec t ofL- ascorbic acid o n keratinocytes and i ts inhibitory function 
on UVA-indu ced secretion of IL-1 a and lL-6. Several conclusions 
can b e draw n from this work. 
First, UVA irradiation can induce DNA damage direc tly and 
indirectly, som e of w hic h is m ediated b y free radical s, consti tuting 
the so-calle d "oxida tive stress." Excess of oxidative stress results in 
cascades of free radicals m ediatin g progressive detel;orati o l1 of 
cellul ar structure and function and ca n lead to loss of cellular 
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. , ' - . 1.3 kb 
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2 3 4 I 8 9 10 II 12 13 14 II 16 17 18 19 20 
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Figure 4. IL-la but not IL-6 mRNA expression was downregulated 
by L-ascorbic acid . Northcrn blot ana lyses revealed that IL-l a mR.NA 
expression in keratinocytes was downrcgulatcd by L-ascorbic acid in both 
nonirradiated ce ll s (Inll es 5- 8) and in UVA-irradiated ce ll s (20 j/cm' ) (Inlles 
9 - 20) . UVA-induced lI prcglllation of 1L-1a (Inll e 2) was decrcased 5 h afte r 
irradiation (Inll es 9-"/ 2) and was similar to tha t in nonirradiated cells afte r 
48 h (In/lcs n-20) . IL-6 Il1RNA expression was not afFected, however, by 
L-ascorbic acid in non irradiated cell s (Inlles 5- 8) or UV A-irradiated cell s 
(Ia llcs 9- 20). L<IIw 1, mRNA of non irrad iated non-L-ascorbic acid- sup ple-
mented kera tinocytcs: {(Ill es 2-4, mRNA ofUVA-irradiatcd non-L-ascorbic 
acid-supplemented kera tinocytes after 5 h, 24 h. or 48 h, respective ly. 
Concentrations of L-ascorbic acid in UV A-irradiated keratinocyte cultures: 
10 - 6 M, {niles 5,9, 13, and n : 10- 8 M; Imles 6, 10, 14, and 18, ·to - I O M. 
Ja il"' 7, 11, "/5, and 19; 10- 12 M, {<Ill es S, 12, 16, and 20. 
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Figure 5. UVA-induced IL-la and IL-6 secretion was decreased by 
L- ascorbic acid. IL-10' and IL-6 concen tra tion "vas 1l1eas Lired by cn zynlc -
linked imJ11unosorbent assay in the supernatant of UV A-irradiated (20 
.I /CI11 ' ) (~) or nonirrad iated (11iil) cul tured hum3n keratinocytcs. Both IL- l a 
(n) and IL-6 (b) secretion were increased after UV A ilTadia tion. These 
increases were signifi cantly reduced by L-ascorbic acid in a concentration-
dependent manner (p < 0.05) . In nonirradiated cell s. IL-l a and IL-6 
concentration was not changed by L-ascorbic acid . E,mr bmc<, SD (n = 3). 
in tegrity b y m o difica tio n of DNA o r prote in and also to abnormaJ 
expressio n of cellular gen es. Kn own nonenzymic scaven gers of li'ee 
radicals in human skin are be ta carotc ne and v itamins C and E, and 
e nzymic scaven gers are GSH peroxidasc, supe roxide dismutase, 
and catalase. Both types of £i'ee radi caJ scaven ger are invol ved in 
protecting the skin aga inst UV A-ind u ced dama ge and were fo und 
to b e markedly decreased after UVA exposure in murine an d 
human keratinocytes (Fuch s cl ai , 1989; PW1I1one n el ai , 1991; DalT 
ef ai , 1992; Shindo cf ai , 1994). Several in traceIJular m echanism s in 
the skin are known to regene rate an tioxidants , e .g ., L-asco rb ic acid 
can regen erate vitamin E fr0111 the tocophe ro loxyl radica l. T he 
resultant ascorbyl radical can itself be converted to ascorbate b y 
I'e duced GSH (Kagan ef ai, 1992) . 
T h e in crease in formation of £i'ee oxygen radicals, esp ecially Ii'ee 
h ydroxyl radica ls gene rate d from hydrogen p e roxide (H 2 0 2), 
m ediates ce ll tox.icity and resu lts in tissue injury. L- ascorbi c acid, 
however, can efficiently scavenge Ii'ee oA),gen rad icals and can also 
gen e rate £i·cc OA),gen rad ica ls for preven tio n of free radical-
m ediate d damage to prote in and ON A (Peak and Peak, 1989). 
If the antiox.idant m echanism s of the e pide rmis are ex ha uste d , 
this can lea d to fo rmatio n of sunburned cells and damage to 
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Langerhans ce lls (Danno and Horio, 1987; Hori o and Okamoto, 
1987). DNA dama ge can occur by at least two mechanism s. One 
proposed pathway is that *0 1-1 in D N A is genel·ated by bindin g of 
H 2 0 2 to meta l ions already bound to DNA. T he othe r is that li pid 
peroxidation of membranes, m ediated by fre e radical s, ca uses 
intrace ll u lar Ca2 4 increases tha t may lead to activation of endo-
nucleases. T he conseq uence of eith er m echanism is modification of 
the DNA compl exes and strand breakage (Imlay and Linn, 1988; 
Halliwell and Aruoma, 1991) . 
Admi nistratio n of L-ascorbic acid may protect skin against 
UV-induced free radica ls. It has been shown that loca l appli cation 
of L-ascorb ic acid protects animal skin against sunburned cell 
formation and other UV-il1duced cell damage (Bisse tt ef II I, 1990; 
Dan et nl, 1992). Prophylactic antioxidant therapy has been inves-
tiga ted inasmuch as it has been shown tbat in creased dietary 
antioxidants in cluding L-ascorbic ac id red uce UV-induced skin 
tumors in mice (Black, 1987), wh ereas th e e ffect o n preventing 
coronary h eart disease is sti ll under debate (van Poppel el nl, 1994) . 
As shown by our ;11 ,,;tro experimen ts, L- ascorbic acid supplem en-
tation of human ke ra tin ocyte cultures ca uses a signitica nt decrease 
in UVA-indu ced lipid peroxidation . T herefore, L-ascorbic acid ca n 
be regarded as a scavenger ofUVA-induced free radicals in human 
keratinocytes and m ay protect against UVA dam age ;11 "illo. 
Second, to elu cidate tbe ro le of L-ascorbic acid fo r infl amm atory 
processes, we investigated its e ffect o n the re lease of UV A-
mediated cytokines. T he data presented indicate that the increase in 
IL-l a and IL-6 secretion after UV A irrad iation is redu ced when the 
keratinocytes are treated with L-ascorbic acid , whereas L-ascorbic 
acid did not affect the concen tration of these cytokines in nonirra-
diated cells. IL-l a mR.NA expression was downregu lated by 
L-ascorbic acid in UV A-irradiated and nonirradiated keratinocytes; 
howeve r, IL-6 mR . .NA expression was not changed. Downregul a-
tion oflL-l,B by oxygen radicals is described for lung m o nonuclear 
cells (Schwanz el nl , 1995). As a rule, the produc tion of IL-l a is 
confined to the less-differentiated actively prolife ratin g keratino-
cytes of the basa l epide rmal layer (Lee el nl, 1991). UV irradiation 
upregul ates IL-1 a synthesis , w hereas IL - 6 mR.N A is expressed only 
in small amounts by unstimulated keratinocytes (Luger and 
Schwarz, 1995). IL-6 is considered to be a m ajor m ediator of 
acute-phase response and of systemi c efIects. JL-1 ex itself is able to 
induce IL- 6 as a stress-response- signaling factor in fibroblasts 
(Simon ef III, 1995) and in keratinocytes (Chung et nl, 1996). Our 
in ves tiga tion showed th at broad-spectrum UV A is not abl e to 
induce IL-6 mRNA expression , confIrming res ults o n UVAl effects 
o n ke.·a tinocytes (Kirnbauer CI n/, 1991). We suggest, therefore, 
that the increase in IL-l a and IL- 6 is ca used by cell leakage due to 
free radical cytotox icity. T he decrease in cytokine re lease by 
L-ascorbic acid suggests a stabilizing e ffect on cell membranes, but 
L-ascorbic acid has an additiona l e lfect o n IL-la mR.NA expres-
sion. 
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